The English House Condition Survey for 1991 demonstrated that levels of energy efficiency in private rented property are significantly below other sectors, even though energy improvements have tangible benefits for landlords. The low level of energy efficiency provision in the private rented sector indicates that landlords are unaware or unconvinced of these benefits and market barriers may have restricted uptake. Information regarding energy efficiency advice to the private rented HMO sector has focussed on offering good practice design guidance, and information about the level of fitness and overall characteristics of the sector. This research project evaluated the PRESS scheme, which encouraged landlords to introduce energy efficiency measures. A total of 78 private sector rented properties in Sheffield were analysed with retrofit measures to improve levels of energy efficiency. The results demonstrate that whilst market barriers exist, the PRESS scheme went some way to overcoming some barriers to energy efficiency.
Introduction and research aims
In 1998 Sheffield City Council, Sheffield Hallam University (SHU) Accommodation Office and the Energy Savings Trust (EST) initiated a project to promote energy efficiency in private rented sector properties, known as the Private Rented Energy Savings Scheme (PRESS) scheme.
The research aims were to investigate the energy efficiency of accommodation in the PRESS scheme and to model retrofit measures assessing single-stage and multi-element upgrading scenarios to improve levels of energy efficiency. The final aim was to evaluate the PRESS scheme. The research objectives were to measure baseline levels of energy efficiency in the sample and to determine the type and nature of measures to achieve acceptable levels of energy efficiency.
The rationale for the research
The starting point for the research was a review of existing levels of energy efficiency in the private rented sector and the social and economic situation for renters. The context of energy efficiency to landlords was considered along with government legislation related to energy efficiency initiatives.
The English House Condition Survey (EHCS) for 1991 (DoE, 1996) established that energy efficiency in private rented property was significantly lower than other sectors. The Standard Assessment Procedure (SAP), the UK Government's method of assessing the energy efficiency of dwellings, estimates the cost of space heating and hot water provision per square metre of floor area based on the level of built fabric and building services efficiency. SAP produces a rating on a 1 to 100 scale, where 1 is a very poor level of efficiency and 100 very good. Typically, a rating above 50-60 is a good level of efficiency and less than 20-30 is poor. The rating does not account for differences in occupancy or climate variations. In terms of the SAP, the private rented sector average is much lower than the English residential stock average.
The average SAP rating for English property was 35, whereas the average SAP rating for private sector rented property was 22 (DoE, 1996) . A higher proportion has a SAP rating below 20, some 42 per cent in the private rented sector against 15 per cent of English property. UK Building Regulations (HMSO, 1985) require new construction to achieve SAP levels of 60, while revisions currently under consideration indicate a target of 80 may be established (DETR, 2000) . Thus much UK residential stock is below average standards, and well below legislative standards. This gap, between legislation standards and existing provision, is likely to widen further. Furthermore Building Regulation standards, intended as minimum standards, become de facto maximum standards with few designing in excess of these standards.
Most private rented sector property is in shared houses categorised as housing in multiple occupation (HMO). Occupants are often on low incomes or benefits. Typically, university accommodation offered to students is in shared houses. The EHCS revealed that these properties had an average SAP rating of 15 (DoE, 1996) and 66 per cent of HMOs had a SAP of less than 20 and 25 per cent do not have fixed heating systems. A total of 20 per cent of HMOs are unfit for human habitation under sections 604 and 352 of the Local Government and Housing Act 1989 (DETR, 1999a) . HMOs have even lower levels of energy efficiency than the private rented sector. This evidence reveals a requirement to improve the energy efficiency of these properties.
Within the PRESS scheme, the properties were rented to students only. Students are fairly typical of low-income groups. The removal of grants and introduction of tuition fees has meant students find it increasingly difficult to obtain adequate levels of energy services. The issue is compounded for those who do not appreciate the energy running costs. Students may lack income, awareness and knowledge of household running costs and energy efficiency.
Energy improvements benefit the private landlord with reduced rent arrears, since lower fuel costs may result in households having more money to pay rent. There are likely to be fewer voids as accommodation in repair is easier to let. There are lower maintenance costs for property in repair and increased capital asset value. However, the existing low level of energy efficiency provision in the private rented sector suggests that landlords are unaware or unconvinced of these benefits. Market barriers may restrict the uptake of these measures with a mismatch between the party paying the costs of installing energy efficiency measures and the party receiving their benefits, the so-called landlord-tenant problem (House of Commons, 1999).
One barrier is that existing legislation over HMOs is largely discretionary and almost wholly within the remit of local authorities. Some authorities have registration and accreditation schemes to set and enforce standards, although these powers are not always effective, as much legislation is outdated. The result is that enforcement activity and standards applied have varied significantly. These discretionary schemes are important because the Government's licensing scheme will, if implemented, apply only to new build and new conversions and not existing HMOs.
The Government invited views on proposals for licensing HMOs in England and Wales to introduce a national licensing scheme (DETR, 1999a) . This is a positive initiative but the legislation will not apply to existing property already classified as an HMO. Furthermore, the real effects of the legislation on existing levels of energy efficiency in the sector will take time to filter through because of the slow rates of building turnover.
A national licensing scheme may do little to alleviate the levels of energy efficiency in the private rented HMO sector. It is important that barriers to improving energy efficiency in the HMO sector are removed if low-income households/students are to be provided with the opportunity to obtain affordable energy services. The PRESS scheme attempted to remove barriers to energy efficiency in the private rented sector.
Current information regarding energy efficiency and advice to the private rented HMO sector has focussed on two areas: the uptake of measures by offering good practice guidance, and general descriptive information about the level of fitness.
Design advice is focussed on improvement measures linked to achieving general dwelling fitness rather than energy efficiency in particular. BRECSU (1996) offers landlords information on how to incorporate energy efficiency during refurbishment and meet the statutory requirement for fitness for human habitation under the Housing Act 1985. BRECSU (1997) presents good practice advice designed to encourage the energy efficiency design, construction and refurbishment of all multi-residential buildings.
When the overall characteristics of the sector are considered, the EHCS data shows that the average SAP in the sector is very low. However, these are aggregated figures and do not show the full range of conditions. DETR (1999b) provides a disaggregated overview of the sector, outlining its size and typical characteristics (i.e. built form) but does not evaluate energy efficiency measures.
The Home Energy Efficency Scheme (HEES) programme (DETR, 1999c) and the recent discussion paper on the impact of regulation of the fuel poor (OFFER/Ofgas, 1999) demonstrate that future policy mechanisms will recognise that improving energy efficiency in the private rented sector is crucial to wider economic, social and environmental policies. Little research has been conducted into approaches and mechanisms that attempted to overcome the market barriers acting on organisations and individual landlords in the private rented sector.
The research method
In 1988 SHU invited private landlords leasing property to students to participate in the PRESS scheme. The scheme provided a condition survey and energy assessment of the property. SHU negotiated with the landlords to carryout energy efficiency improvements, with the EST providing a 50 per cent contribution.
The information gathered from 78 properties was entered into a database for analysis. Originally the scheme was to analyse 180 properties, but this figure dropped to 78 for several reasons. Some landlords withdrew before properties could be surveyed; access to some properties was unavailable; and assessment of some properties was not possible due to incomplete data. While the sample size is small, it is representative of the properties offered to students at SHU by private landlords.
Baseline levels of energy efficiency were calculated for each property using the Evaluator software produced by National Energy Services Ltd, using the National Home Energy Rating (NHER) scheme. Energy use is calculated using a model that accounts for the location of the dwelling, design, construction and insulation, space and water heating, appliances used and ventilation. Occupancy and heating patterns are inputted into the programme: where this is unknown standard occupancy and heating patterns are assumed. Estimates of the energy used in water heating, cooking and lights and appliances are based on national averages.
The NHER rating is based on the conversion of estimated levels of energy consumption to energy costs using average fuel prices and a fuel price index. The rating is on a 0-10 scale where zero represents a very poor level and 10 is a very good level of energy efficiency. The programme estimates annual running costs and SAP scores.
To assess the energy efficiency potential this procedure was repeated for the following six scenarios:
1. (1) These scenarios improved the energy efficiency of each single element of the building and an "all measures" scenario assessed the cumulative impact on the energy efficiency.
The figures from each property were coded and entered onto a spreadsheet. The researchers calculated figures relating to energy efficiency averages, NHER and SAP ratings, as detailed below.
Research findings
The sample comprises older stock. Table I show that the baseline stock is skewed towards Victorian houses; 25 per cent built before 1900 and 73 per cent built before 1930. The sample is largely comprised of terraced dwellings, flats and maisonettes. The largest single category is middle terraces built between 34 per cent of the sample. In terms of size, older properties tend to be larger than newer properties. Semi-detached dwellings are the largest property type, and flats the smallest.
The distribution of the baseline NHER ratings of the sample is skewed to the bottom end of the NHER scale indicating that overall energy efficiency is very poor. The average NHER value is 2.46, a SAP of 19, indicates this sample falls within the 42 per cent of UK private rented sector properties whose SAP levels are less than 20 (DoE, 1996) . A total of 75 per cent have a rating less than 3.10, 50 per cent rate between 1.90 and 3.10 and 25 per cent rate less than 1.90. These very low levels of energy efficiency are typical of HMOs and consistent with other survey data (DoE, 1996) .
By built form and age (see Table II ), the flats have the lowest NHER rating and terraced dwellings built after 1930 have the highest. However, the terraced properties are significantly below current Building Regulation recommended minimum standards (SAP 60) (HMSO, 1992) .
The average value for spending on energy was £1,248 per annum. Quartile information reveals that 75 per cent spend less than £1,384 per annum and half less than £1,227. However, the range is large, with several extreme cases where occupiers spend double the average estimated value to obtain the same level of thermal comfort. Further analysis revealed this was strongly linked to property size and overall level of energy efficiency. Energy efficiency in the sample is low and if occupiers are to achieve adequate thermal comfort, the data suggests many spend large amounts of income on energy.
Improving the energy efficiency of the PRESS sample
The six scenarios were modelled to establish the effect on the levels of energy efficiency measured in NHER and SAP. Figure 2 shows the effect of each improvement scenario on the average NHER rating. Improving the heating systems and insulating the walls has the greatest effect on improving energy efficiency. The smallest effect on NHER ratings was the replacement of single glazed windows with PVCu double glazed units and the installation of CLF lamps.
When the "all measures" scenario is applied, the change is significant and the average NHER rating rises from 2.46 to 7.62, a SAP rating of 69.1, bringing the sample up to current Building Regulation standards. It demonstrates that it is technologically possible to improve existing stock to acceptable levels of energy efficiency. In terms of distribution of NHER values, the inner quartile range moved from 6.70 to 8.60 (from 1.90 to 3.10 in the baseline scenario). Only two properties out of 78 would have an NHER rating less than 6.00.
Raising energy efficiency as outlined above has a huge impact on energy spending. Average expenditure falls to £581 per annum, from £1,248. A total of 50 per cent of the sample spend less than £571 per annum on energy and none spend over £1,000 per year, enabling households to achieve adequate levels of energy for less expenditure, increasing disposable income.
The "all measures" package has the greatest impact on the amount of energy used. Examining changes in the SAP ratings, average SAP score for the baseline scenario is 22.7
and Figure 3 reveals that no homes have a rating above 70. In the "all measures" scenario the average SAP score is 69.1 with 80 percent of the sample scoring above 70.
The "all measures" package of energy efficiency improvements has a significant impact on levels of fuel expenditure, but what are the costs associated with these measures?
The total cost of upgrading all 78 dwellings is £415,948 (excluding VAT), an average cost of £5,332 per dwelling (see Table III ). The greatest proportion of these costs is associated with insulation of external walls: many properties do not have cavities and the cost of drylining is high. The second highest cost is the replacement of windows with PVCu double glazed units, though this has minimal impact on NHER rating.
The average cost of £5,332 per dwelling is possibly misleading, since some properties will have a higher baseline level of energy efficiency. Likewise, other properties will require higher expenditure levels due to lower levels of baseline energy efficiency. What is the extent of these differences in the sample? Quartile information reveals that in 25 per cent of cases upgrading costs are less than £4,314, whereas for a further quarter the costs exceed £7,049.
The discussion above describes the likely distribution and level of expenditure needed for the upgrading of the properties in the sample, but a simple description does not give any indication of its efficacy. The NHER and SAP labelling schemes both describe an improvement in energy efficiency as a reduction in energy expenditure per square metre of a dwelling and convert this into an index score. These schemes provide a practitioner with information regarding the likely savings arising from an upgrading programme but they give little insight into the cost-effectiveness of the programme. Therefore, although practitioners may be able to calculate the amount of energy, emissions of CO 2 and fuel expenditure saved by a specific upgrading option, they are unlikely to know if the programme represents the best use of capital or whether an alternative programme may have produced a greater increase in energy efficiency for the same level of expenditure.
To assess the cost-effectiveness of the measures in this upgrading programme, the research used an index of the change in NHER rating scheme (over the baseline) divided by the estimated cost of the measure. This index is called the cost-effectiveness index or CEI. While this gives a value of the scale point increase per £ spent, it does not take into account the size of the dwelling. Thus, it is likely to penalise smaller dwellings where overall savings may be small (in terms of the scale of the cost) or very large dwellings where overall costs may be large (in terms of the size of the saving). To overcome this problem cost was divided by the total floor area of a dwelling, as shown in the equation:(see equation 1) (see equation 2)where: cost is measured in £s; total floor area (TFA) is measured in square metres; change in NHER score equals the difference between the after upgrading and the baseline score.
A low CEI value indicates that an upgrading option is expensive (in terms of the gain in NHER rating) whereas a high score indicates the opposite (a less expensive measure in terms of the gain in NHER rating score).
The average CEI values for each upgrading scenario considered in the study are illustrated in Table IV . The installation of CFL lamps, loft insulation and heating upgrades are calculated to be the most cost-effective options since they have the highest CEI scores while the least cost-effective options are the installation of u-PVC, floor insulation and wall insulation.
A striking feature of the data is the considerable range in the values between the measures considered. A clearer picture of this difference is seen if the variables in equation (1) are rearranged to calculate the upgrading cost value (UCV) of a measure (see equation (2)). This is the rate (in £s) to increase the NHER rating by one point (i.e. from 2.3 to 3.3) per square metre of total floor area of the dwelling, and the average UCV values for the sample are also shown in Table IV . The table shows that the UCV values mirror the changes in the CEI and assign it a monetary value. For example, one can see that the expenditure required to raise the NHER score by one point via the insulation of walls (typically dry-lining in the sample) is £18.82 per square metre of total floor area more expensive than by the insulation of loft spaces (£22.63 minus £3.81).
How can these indices be utilised to assess retrofit programmes? First, the CEI can help practitioners plan energy efficiency upgrading programmes, particularly multi-measure packages and, second, it can show where resources can be channelled to produce the greatest benefits. For example, Table V shows the ranked mean values for the CEI as well as the corresponding inner quartile, median and average UCV values for a range of upgrading packages. While the table clearly shows the significant impact the upgrading of lights, heating and loft spaces had on the baseline data, it also reveals that the coupling of measures together can be more cost-effective than simply upgrading a single element. For example, the table shows that a retrofit package designed to upgrade the thermal efficiency of loft spaces, walls, and the floors of dwellings in the sample is ranked fourteenth and has a higher CEI value (smaller UCV value) than either the separate wall or floor packages (ranked fifteenth and seventeenth respectively). It is, therefore, a more cost-effective expenditure of capital (in terms of NHER score increase). Likewise, the table clearly shows that it is more cost-effective to couple built-fabric improvements with heating systems upgrades (rather than built-fabric factors only). This shows that energy efficiency upgrading is not solely about restricting heat losses but it also involves the cost of supplying the lost heat, that is the efficiency of the heating system and the cost of the fuel used.
The results of the research reveal that there is considerable scope for energy efficiency upgrading in this sample of student houses. Furthermore, the CEI and UCV indices point to the fact that many of the measure are cost-effective in terms of their effect on the NHER rating, particularly some of the multi-measure packages. However, many landlords appear reluctant to implement these measures. Thus, the study suggests that while there appears to be considerable technical potential for improving energy efficiency of these dwellings, there is little market potential. The final sector of the paper considers these aspects of the study.
Implementing the PRESS scheme: an evaluation
Originally 180 landlords agreed to participate, however there was a withdrawal rate of 56.7 per cent. Several reasons accounted for the withdrawal, which occurred at all stages of the scheme. Initial withdrawal occurred when landlords reconsidered participating, or where access was not forthcoming.
Once the survey data and NHER rating were complete, an assessor modelled improvement packages, which were presented to the landlords. The scheme and EST funding required an independent practice of Chartered Surveyors to prepare a schedule of rates with approved contractors for the different improvement packages. The PRESS scheme required the landlords to undertake agreed works, to pay approved contractors and then to apply to recover 50 per cent of the costs from the EST/SHU. The system resulted in a further spate of landlord withdrawal.
The accommodation officer at SHU responsible for co-ordinating and implementing the scheme was interviewed in a semi-structured interview. He believed there were bureaucratic and inflexible characteristics of the scheme that deterred landlords. A number of landlords were deterred by the requirement to use approved contractors, especially where they had an in-house handyman or workmen. Landlords claimed the schedule of rate prices were too high, that they could carry out the work cheaper and the 50 per cent contribution from EST did not compensate for the difference.
Another feature disliked by landlords was spending money up front, on work they would not have undertaken and then having to recover funds from the EST. The EST required the landlords to produce detailed paperwork relating to ownership and proof of completion of works, about which a number complained.
Finally, SHU experienced difficulties in getting the landlords to undertake the higher cost measures. The landlords were put off by high costs: as not all were able to increase rental levels to recoup the costs, they perceived that they would not receive any benefit from implementing the measures. Some landlords tried to select from the lists of measures presented to them. Initially selection of preferred measures was not welcomed, however as more landlords threatened withdrawal, a decision was made to allow selection. The uptake of any measures, though limited was preferable to withdrawal.
In terms of success, although some landlords withdrew, reasonable numbers participated and properties were upgraded, with the result that these properties will have lower energy bills. The scheme enabled SHU to introduce the concept of energy standards in their private rented sector provision. These properties were advertised as energy efficient and promoted over less energy efficient alternatives.
Removing the barriers to energy efficiency
Earlier, "split-incentives" were mentioned; the problem of who pays for, and who benefits from, the investment. In terms of energy efficiency retrofitting, Brechling et al. (1991, p. 274) called this the "non-appropriability of energy efficiency benefits" and suggested this was due to several landlord/tenant conflicts.
First, landlords do not pay energy bills and have no incentive to invest in efficiency, this was borne out by the PRESS scheme. Furthermore, if demand is high, there is little incentive to improve property, as landlords would not necessarily attract higher rental income by spending more on maintenance and repair. Second, tenants do not invest in energy efficiency because the majority are in short-term tenancies and cannot recoup the cost of improvements made when they leave. Also, students are typically in low-income brackets without the financial resources to spend on these measures. Accordingly, if the level of energy efficiency in HMOs such as student housing is to be improved, policies will need to solve these problems. How can this be achieved?
Based on recent International Energy Agency (IEA, 1999) literature an effective energy efficiency policy for the private sector needs three main aims:
1. (1) highlight the potential for cost-effective savings; 2. (2) ensure landlords accept improved technology; and 3. (3) ensure access to resources to help them make informed decisions.
The aims are in no order. The first indicates future energy efficiency strategies should contain a focus on weakening landlord information and knowledge barriers. A strategy will need to strengthen brochures, booklets and information sheets concerned with energy efficiency associated with the private rented sector currently produced under the Best Practice Programme (DoE, 1995 (DoE, , 1997a . Although many show there are landlord savings from improving energy efficiency, many focus on social landlords where scale economies may lead to higher levels of viability for energy efficiency. Very few focus on problems facing the small landlord, where the scale for savings from upgrading may be small.
The second and third aims suggest that landlords need access to the tools required to improve energy efficiency. Future policies will require additional mechanisms and incentives to encourage landlords to invest in energy efficiency measures, especially since it is an effective way of alleviating the health problems associated with cold and damp homes (DETR, 1998) . However, private rented accommodation is typically found in older properties (see Figure 1) , therefore improving Part L of the Building Regulations does little to solve the problem without extending this to include existing houses. Furthermore, while changes to the Building Regulations can force up minimum standards of energy efficiency, policies require measures to stop these becoming maximum standards. Thus, energy efficiency policies will require additional incentives to encourage landlords to go beyond Building Regulation standards.
How could this be achieved? The zero rating of VAT on energy efficiency products and services will increase cost-effectiveness and reduce payback periods. Also, capital allowance or Council Tax rebates could be offered to all householders who implement energy efficiency measures beyond the requirements of the Building Regulations. Stamp duty could be increased and the additional money raised refunded in the form of vouchers to spend on approved energy efficiency improvements (DETR, 2000) . To achieve these aims, future energy efficiency policies require mechanisms that ensure that landlords can make informed decisions regarding energy efficiency (the third of the IEA's aims). Implicit in this is the need to nurture a supportive institutional framework.
However, a major obstacle to the success of these policies is the downward direction of fuel prices in the domestic sector. Between 1990 and 1998, annual average domestic prices for gas fell by 16.5 per cent (DTI, 1999) . Although lower energy prices reflect increases in supply efficiency and reduce fuel poverty; lower fuel prices affect the success of energy efficiency policies. First, falling fuel prices reduce the economic advantage of investment in energy efficiency by reducing marginal benefits. Although this may not directly effect a landlord (they do not normally pay for the energy a tenant uses), it may reduce the perceived need for energy efficiency action, since the landlord may think that a tenant has saved money because of the price reductions. The Environmental Audit Committee report (House of Commons, 1999) concluded that falling energy prices are sending stronger signals than awareness campaigns and seem likely to overwhelm current efforts to promote energy efficiency.
Policies need to raise the profile of energy efficiency upgrading; from its current low status image as a capital cost to one in which it is seen as a capital investment. Policies need to enable landlords to recoup some of the expenditure necessary to improve levels of energy efficiency in this sector.
Conclusions and recommendations
The baseline data presented indicates that energy efficiency in the sample is low. This paper demonstrates that the level of energy efficiency in private rented student properties needs to be raised considerably. The analysis suggests that occupants are likely to spend significant proportions of finances on obtaining energy, particularly heating.
The research has demonstrated the considerable technical potential for improving energy efficiency, from its current level well below Building Regulation standards to a comparable level. It is likely that upgrading costs will restrict the installation of these measures because landlords have no incentive to undertake this action and are likely to be sceptical of the capital return on their investment.
Future energy efficiency policies in this sector face a struggle without additional encouragement and support for landlords. To achieve this, future energy policies must apply joined-up thinking that provides landlords with sufficient incentives, relevant information, with access to finance and technology to enable them to incorporate the efficient use of energy.
The PRESS scheme represents a small-scale initiative aimed at improving energy efficiency in private rented properties. Incentives were adopted, a condition survey and energy assessment of the property was offered, as well as a 50 per cent contribution to all energy improvements undertaken. The scheme suffered a significant initial withdrawal, with a further drop out for reasons associated with the requirements and the administration of the scheme. The success lies in the fact that some landlords did upgrade their properties' energy efficiencies and that SHU used the PRESS scheme to launch a benchmarked property register of energy-efficient private rented property.
In the light of these findings this research finds that future energy efficiency policies must highlight the potential for cost-effective energy savings in the private rented sector, particularly for smaller landlords. Energy efficiency policies must ensure that landlords accept the need to improve the efficiency of energy consumption technology. Landlords must be given access to the resources, products, information and skilled assistance to help them make informed decisions regarding energy efficiency products. Policies should strengthen current energy efficiency requirements in the private rented sector by either an extension of Part L of the Building Regulations to existing housing or via the housing fitness standard. Finally, though current market conditions may not favour the uptake of these measures, the environmental argument that a way should, and must, be found for such measures is a strong one. 
